Introduction

51
Autoimmune diseases are chronic conditions initiated by loss of immunological tolerance to 52 self-antigens [1] . An estimated incidence of autoimmune diseases is about 90 cases per 100,000 unexplained heritability due to considering correlations not only among multiple SNPs but also 83 among different traits or diseases [13] . Existing studies of genetic risk factors for complex traits 84 have used bivariate analysis, but multivariate analysis based on complex diseases is rare [14, 85 15]. Therefore, a multivariate analysis to identify pleiotropic genes, especially using the 86 publicly available summary statistics of GWAS, is very essential and relevant. 87 Cichonska et al [16] recently performed a canonical correlation analysis method allowing 88 multivariate representation of both genotypic and phenotypic variables based on the published 89 univariate summary statistics from GWAS by meta-analysis(metaCCA). This new approach 90 has been applied to identify potential pleiotropic genes in lipid related measures, psychiatric 
Materials and Methods
247
GWAS Datasets
248
All the GWAS summary statistics of seven autoimmune diseases in this present study were 249 downloaded from ImmunoBase (website: https://www.immunobase.org/), which is a web based 250 resource focused on the genetics and genomics of immunologically related human diseases.
251
The data of CEL was a second-generation GWAS of 4,533 cases and 10,750 control subjects 
294
MetaCCA Analysis
295
MetaCCA is an extension of the method of CCA, which requires a full covariance matrix ( ),
consisting of four covariance matrices, can be obtained:
Where is a cross-covariance matrix between all genotypic and phenotypic variables, 
In metaCCA, is calculated using a reference database representing the study population,
such as the 1000 Genomes database, or other genotypic data available on the target population.
305
There will be better results if were estimated from the target population or the same
ethnicity instead of interracial populations [16] . In our study, was estimated using the
reference SNP dataset of the HapMap 3 CEU.
308
The phenotypic correlation structure is computed based on . 
